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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Applicants: T. UCHIDA, et al. 
Serial No. : To be assigned 
Filed: February 28, 2001 

For: POLISHING SOLUTION FOR METAL AND POLISHING METHOD 

Group: N/A 
Examiner: N/A 

PRELIMINARY AMENDMENT 



Assistant Commissioner for Patents 
Washington, D.C. 20231 



February 28, 2001 



Sir: 



Please amend the above-identified application, prior to calculating the Filing Fee, as 



follows: 



IN THE CLAIMS 

Claim 14, line 2, delete "any one of claims 1 1 to 13" and substitute therefore —claim 

11--. 



Claim 16, line 2, delete "11 or 15,". 



Claim 17, line 2, delete "11 or 15,". 



Claim 19, line 3, delete "11 or"; 
line 4, delete "15". 



Please add the following new claims to the application: 

—23. The polishing solution for metal according to claim 12, which comprises an 
oxidizing agent, an oxidized-metal dissolving agent, a first protective-film forming agent, a 
second protective-film forming agent different from the first protective-film forming agent, and 
water. 

24. The polishing solution for metal according to claim 13, which comprises an 
oxidizing agent, an oxidized-metal dissolving agent, a first protective-film forming agent, a 
second protective-film forming agent different from the first protective-film forming agent, and 
water. 

25. The polishing solution for metal according to claim 1 1, which is used to polish 
a metal containing at least any one of copper, a copper alloy, a copper oxide and a copper 
alloy oxide. 

26. The polishing solution for metal according to claim 15, which is used to polish 
a metal containing at least any one of copper, a copper alloy, a copper oxide and a copper 
alloy oxide. 

27. The polishing solution for metal according to claim 1 1, which substantially 
does not contain any abrasive grains. 

28. The polishing solution for metal according to claim 15, which substantially 
does not contain any abrasive grains. 

2 



29. A polishing method comprising polishing a metal film formed on the surface of 
a polishing object, in the polishing solution for metal according to claim 1 1, to remove the 
metal film. 

30. A polishing method comprising polishing a metal film formed on the surface of 
a polishing object, in the polishing solution for metal according to claim 15, to remove the 
metal film. 

31. The polishing method according to claim 30 ? wherein said metal film contains 
at least any one of copper, a copper alloy, a copper oxide and a copper alloy oxide. 

32. The polishing method according to claim 30, wherein: 

said polishing object has a multi-layer film having a metal layer containing at 
least any one of copper, a copper alloy, a copper oxide and a copper alloy oxide; and 

the polishing method is a method of removing at least part of the metal film 
from the multi-layer film. 

33. The polishing method according to claim 30, wherein said polishing solution 
for metal substantially does not contain any abrasive grains. 

REMARKS 

Prior to calculation of the Filing Fee, Applicants have amended their claims in order to 
delete multiple dependency. Moreover, in the view of the deletion of multiple dependency, 
Applicants have added new claims 23-33 to the application. 

3 



Entry of the present amendments, and examination of the above-identified application 
is due course, are respectfully requested. 

To the extent necessary, Applicant(s) petitions for an extension of time under 37 CFR 
§1.136. Please charge any shortage in fees due in connection with the filing of this paper, 
including extension of time fees, to the Deposit Account of Antonelli, Terry, Stout & Kraus, 
LLP Account No. 01-2135 (566.39787X00) and please credit any overpayment of fees to 
such deposit account. 



ANTONELLI, TERRY, STOUT & KRAUS, LLP 
Suite 1800 

1300 North Seventeenth Street 
Arlington, Virginia 22209 
Telephone: (703) 312-6600 
Facsimile: (703) 312-6666 

WIS/kmh 



Respectfully submitted, 
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SPECIFICATION 

POLISHING SOLUTION FOR METAL 
AND 

POLISHING METHOD 



TECHNICAL FIELD 
This invention relates to a polishing solution for 
metal, an.fi a polishing method, especially suited for use 

i 
l 

in polishing in the step of forming wirings of 
semjjconduct or devices . 



; BACKGROUND ART 

15 I In recent years, with the trend toward higher 

integration and higher performance of semiconductor 
integrated circuits (hereinafter "LSI circuits"), new 

fine-processing techniques are on development, 

i 

Chemical mechanical polishing (hereinafter "CMP") is one 

20 o£ t|hem, which is a technique frequently used in LSI 

j 

circuit fabrication steps, in particular, in the 

plaxjarizing of interlayer insulating films, the 

1 

formation of metal plugs and the formation of buried 

i 

i 

wiring, in the step of forming multi-layer wiring. This 



I 

| HC1467 
technique is disclosed in, e.g., U.S. Patent No. 

4 , 944,536* 

I Recently, aiming at higher performance of LSI 

i 

circuits, it is also attempted to use copper alloys as 

I 

5 a wijring material. The copper alloys, however, make it 

l 

difficult to perform the fine processing by dry etching 
thatj has frequently been used' in the formation of 
conventional aluminum alloy wiring. Accordingly, what 
is cjalled damascene process is employed in which copper 

10 or i;ts alloy thin film is deposited on an insulating film 
having grooves which are formed previously, the film 
standing buried in the grooves, and the copper alloy thin 
filrri other than that on the grooves are removed by CMP 
to f 6rm buried wiring . This technique is disclosed, e.g., 

15 in Jlapanese Patent Application Laid-open No. 2-278822, 

! In a common method for CMP of metals, a polishing 

i 

pad lis stuck onto a circular polishing surface plate 

i 

(platen) , the surface of the polishing pad is soaked with 
a polishing slurry for metal, the surface of a substrate 
20 on wjhich a metal film has been formed is pressed against 
the jpad surface, the polishing platen is rotated in the 

statje a preset pressure (hereinafter "polishing pressure 

I 

" ) i;s applied from its back side, and hills of the metal 

! 

filmj are removed by mechanical friction between the 

! 2 
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polishing slurry and the hills of the metal film* 

i 

i 

: Polishing slurries for metal which are used in CMP 

i 

are jcommonly comprised of an oxidizing agent and solid 
abrasive particle or powder and also an oxidized-metal 
5 dissolving agent and a protective-film forming agent 
whicih are optionally further added. What is considered 
to tje basic mechanism is that the metal film surface is 
first oxidized by oxidation and the oxide layer thus 

forced is scraped off by the solid abrasive grains. The 

i 

10 oxide layer at valleys of the metal surface does not so 

mucA come in touch with the polishing pad, and the effect 

| 

of scrape-off by solid abrasive grains does not extend 

i 

thereto, so that with progress of CMP, hills of the metal 

lay^r are removed and the metal member surface become 
15 smooth. Details of the matter are disclosed in Journal 

of Electrochemical Society, Vol. 138, No. 11 (published 

19911) , pages 3460-3464. 

; It is considered that the effect of scrape-off by 

solid abrasive grains is enhanced as long as the grains 
20 of a! metal oxide scraped off by tne solid abrasive grains 

have been dissolved in the polishing slurry by the aid 

i 

of 4 he oxidized-metal dissolving agent. If, however, 

i 

the joxide layer at valleys of the metal film surface is 
alsci dissolved (hereinafter "etched") until the metal 

i 

! 3 

I 

! 

I 

l 
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filrji surface becomes uncovered, the metal film surface 

I 

is further oxidized by the oxidizing agent- If this is 

repeated, the oxide layer at valleys may unwantedly be 

I 

etched further, resulting in a loss of the effect of 

i 

5 smoothing- There is such a possibility. In order to 

i 

present it, a protective-film forming agent is further 

add^d. It is important to well balance the effects 

i 

i 

attributable to the oxidized-met al dissolving agent and 

i 
i 

protective-film forming agent, and it is desired that the 
10 oxide layer of the metal film surface is not so much etched, 

that the grains of the oxide layer scraped off are 

j 

dissolved in a good efficiency and that the polishing by 
CMP j is at a high rate. 

j Thus, adding such oxidi2ed-rnetal dissolving agent 
15 and jprotective-f ilm forming agent so as to add an effect 
of qhemical reaction brings about an improvement in CMP 
rat^ (i-e. , polishing rate attributable to CMP) , and also 
can jprovide the effect of less damaging the metal film 

j 

surface subjected to the CMP - 

i 

20 \ However, when the buried wiring is formed by CMP 

j 

usiijig the conventional polishing slurry for metal, 

containing solid abrasive grains , there are problems such 

i 

that (1) a phenomenon may take place in which the middle 
portion of the surface of buried metal wiring is 



| 
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isotiropically corroded to become hollow like a dish 

i 

(hereinafter "dishing"), (2) polishing mars (scratches) 
duejto the solid abrasive grains may occur, (3) a 

complicated cleaning process is required for removing any 

I 

5 solid abrasive grains remaining on the substrate surface 
aftdr polishing, and (4) the initial cost of the solid 
abrdsive grains themselves and the disposal of waste 

liquid brings about a high cost. 

i 

I -In order to keep the dishing from occurring and the 
10 copper alloy from being corroded during polishing and to 
foriji highly reliable LSI wiring, a method making use of 
a polishing solution for metal which contains an 
oxi^ized-metal dissolving agent comprised of aminoacetic 
aci^ (glycine) or amidosulf ur ic acid and benzotriazole 
15 (hereinafter 11 BTA" ) is proposed. This technique is 

disclosed in, e.g., Japanese Patent Application 

i 

Lai4~open No. 8-83780. 

j The BTA, however, has so high a protective-film 

i 

fornjiing effect that it may cause a great decrease in not 
20 only etching rate but also polishing rate. Hence, it is 

demanded to use in the polishing solution for metal a 

j 

protective-film forming agent that does not cause any 
decrease in CMP rate. 
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| DISCLOSURE OF THE INVENTION 

i 

| The present invention provides a polishing solution 

i 

for jmetal, and a polishing method, which can make the 
etching rate sufficiently low, and can form highly 

5 reliable metal film buried patterns while maintaining a 

i 

hlgti CMP rate, 

i The polishing solution for metal of the present 
invention comprises an oxidizing agent for oxidizing a 
met4l* an oxidiz ed-metal dissolving agent, a first 
10 proiiective-f ilm forming agent, a second protective-film 

forcing agent different from the first protective-film 

i 

i 

forcing agent, and water. 

! The protective-film forming agents are agents 
capelble of forming protective films on the metal surface. 
15 | The first protective-film forming agent may 

preferably be at least one selected from nitrogen 

i 

containing compounds such as ammonia, alkylamines , amino 
aci^S, imines and azoles, and salts thereof, mercaptans, 
gluclose, and cellulose* These protective-film forming 
20 agexjts are compounds capable of forming protective films 

i 

by forming physical adsorption and/or chemical linkage 

on tihe metal film surface. 

i 

j The second protective-f ilm forming agent may 
preferably be at least one selected from alcohols (i.e. , 



I 
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compounds having an alcoholic hydroxy 1 group), phenols 
(i.^., compounds having a phenolic hydroxy! group), 
esters, ethers, polysaccharides, amino acid salts, 
pol^carboxylic acids and salts thereof, vinyl polymers, 

5 sulfonic acid and salts thereof , aromatic amines , amides , 

i 

azo jcompounds , and molybdenum compounds. These second 

i 

protective-film forming agents are compounds which 

assist the first protective-film forming agent in forming 

i 

the -protective film. 

j 

10 j The oxidizing agent may preferably be at least one 

i 

selected from hydrogen peroxide, nitric acid, potassium 

j 

periodate, hypochlorous acid and ozone water. 

I 

| The oxidized-metal dissolving agent may preferably 
be etft least one selected from organic acids and ammonium 

15 saltls thereof, and sulfuric acid. 

i 

! In the present invention, a polishing solution for 

i 

met 41 is provided in which, based on a concentration A 

i 

of -the first protective-film forming agent added which 

i 

is njecessary for exhibiting the effect of controlling the 

20 etching rate to 10 nm/minute or lower without 

i 

incorporating the second protective-film forming agent 

! 

amorjg the protective-film forming agents, the second 

i 

protective-film forming agent is added in a concentration 
lowir than the concentration A so that the effect of 
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I 

controlling the etching rat© to 10 nm/minute or lower can 

i 

be exhibited. More specifically, in this case, the 

secdnd protective-film forming agent is a compound which 

I 

enatjles the first protective - film forming agent, 
necessary for controlling the etching rate to 10 
nm/4inute or lower, to be added in a smaller quantity. 
The polishing method of the present invention is a 

polishing method of polishing a metal film formed on the 

i 

surface of a polishing object, in the polishing solution 

i 

10 for jmetal according to the present invention to remove 



the |netal film. As the metal film to be removed, suited 

t 

are jcopper, copper alloys, copper oxides, copper alloy 

i 

oxl4es and so forth* Accordingly, the present invention 

i 

provides a polishing method comprising the step of 
15 polishing a metal film comprised of a multi-layer film 
containing at least one layer of a metal selected from 
copper, a copper alloy, a cooper oxide and a copper alloy 
oxide , to remove at least part of the metal film. 

i 

! The present invention provides a polishing solution 

i 

20 in which the first and second protective - film forming 

i 
I 

agents having properties different from each other are 

i 

used in combination so as to make the etching rate 

I 

sufficiently low while maintaining the CMP rate, and a 
polishing method making use of such a polishing solution* 



i 
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As jthe first prot act ive - film forming agent, usable are 

thoE-se capable of readily producing a chelate complex with 

j 

oop^r, e.g., etHylenediaminetstraaoetic acid, 
benzotriazole or the like. These have a very strong 
5 effect of forming a metal surface protective-film. For 
exaijiple, its incorporation in the polishing solution for 
metil in an amount of 0.5% by weight or more makes no CMP 

takl place, to say nothing of etching. 

i 

i 

! On the other hand, the present inventors have 

j 

10 discovered that the use of the first protect ive- film 
forijiing agent in combination with a second 
protect ive -film forming agent different from the former 
enables the etching rate to be sufficiently low even when 
the (first protective-film forming agent is added in a low 

15 concentration- Moreover, it has been found that the use 

of £uch a polishing solution can provide preferable 

I 

properties that the CMP rate does not so much decrease 

I 

even when the etching rate decreases. In addition, they 

| 

hav£ discovered that the use of the first prot ect ive - film 

i 

20 forriting agent in combination with the second 

protective-film forming agent makes it possible to carry 

out Ipolishing at a practical CMP rate even without adding 

i 

any {solid abrasive grains in the polishing solution. 

This is presumed to be due to the scrape-off attributable 

i 
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I 

to tjhe friction by the polishing pad, effected in place 
of the effect of the scrape-off attributable to the 
fricjtion by solid abrasive grains in conventional cases. 
I As a value at which the etching rate is to be 
5 controlled, it has been found that a preferable smoothing 
effect is obtainable as long as it is controlled to 10 
nm/riinute or lower. As long as the decrease in CMP rate 

I 
I 

is *k* hin a tolerable range, it is preferable for the 
etching rate to be much lower. Where the etching rate 

10 can Ibe controlled to 5 nm/itiinute or lower, the dishing 

i 

can jbe kept at a level not problematic, even when the CMP 
is d'arried out in excess by, e.g., about 50% (the CMP is 

i 

carried out about 1.5 times the time necessary for 
removing the metal film by CMP) . Where the etching rate 
15 canjfurther be controlled to 1 nm/minute or lower, the 
dishing dose not come into question even when the CMP is 
carried out in excess by 100% or more. 

i Incidentally, in the present specification, the 
etching rate refers to a rate at which a metal film ( copper 

1 

20 f ilrii formed by sputtering) on the surface of a polishing 
object is etched when the polishing object is immersed 
in tjhe polishing solution and the polishing solution is 
stirred at a liquid temperature of 25°C and at a stirring 
speed of 100 rpm , where a difference in thickness of the 
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metal film before and after immersion is calculated from 

i 

the lvalue of electrical resistance and the difference 

i 

found is divided by immersion time to determine the rate. 

i 

i The CMP rate (i.e., chemical mechanical polishing 
5 rate) also refers to a rate obtained when a metal film 
(copper film formed by sputtering) on the surface of a 
polishing object is polished under conditions of a 
polishing pressure of 210 g/cm 2 , a polishing 
object /polishing platen relative speed of 36 m/minute and 
10 a liquid temperature of 25°G , where a difference in 

thidkness of the metal film before and after polishing 

is clalculated from the value of electrical resistance and 

I 

the j difference found is divided by treatment time to 
determine the rate. 
15 j According to the present invention, as being 

different from a polishing solution making use of only 

j 

theifirst protective-film forming agent, and without 

i 

relying on any strong mechanical friction by solid 
abrasive grains, the surface can be smoothed by CMP by 

20 the |action of friction with a polishing pad, which is much 
softer than the solid abrasive grains, 

! The present invention further provides a polishing 

method of polishing a substrate by the use of the 

i 

polishing solution for metal according to the present 
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invention; the substrate having valleys at its surface, 

1 

and ja metal film comprised of copper, a copper alloy (such 

as iopper/chromium) or the like being formed thereon, 

! 
t 

filling the grooves with the film. Where such a substrate 

I 

5 is subjected to CMP by the use of the polishing solution 

i 

of tjhe present invention, the metal film at hills of the 

1 

substrate is selectively removed by CMP and the metal film 

remains in valleys, thus the desired conductor pattern 

1 

is 4 btaine<3ti The polishing solution of the present 

10 invention substantially need not contain any solid 

i 

abr4si vS grains, and hence polish scratches can 

i 
j 

dranjiat ically be lessened because the CMP proceeds by the 

i 

friition with a polishing pad, which is mechanically much 
softer than the solid abrasive grains. 

15 ! The polishing solution for metal according to the 

j 

present invention has as essential components the 
oxiciizing agent, the oxidized-met al dissolving agent, 
the jfirst protective-film forming agent, the second 
proljective-f ilm forming agent, and water. 
20 j The solid abrasive grains substantially need not be 

contained, but may also be used, 

! The respective components contained in the polishing 

soliition for metal according to the present invention are 

j 

specifically described below. 
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i 

| The metal-oxidizing agent may include hydrogen 

I 

percpxide (H 2 0,) , nitric acid, potassium periodate 
hypichlorous acid, ozoe water, and the like. In the case 
whei the substrate is a silicon substrate having devices 
5 for 'integrated circuits, any contamination due to alkali 

metals , alkaline earth metals or ha 1 ides is not desirable , 

i 

j 

and | hence oxidizing agents containing no nonvolatile 

component are preferred. Ozone water may greatly cause 

i 

a compositional change with time. Accordingly, among 

10 the oxidizing agents listed above, hydrogen peroxide is 

j 

most preferred. However, oxidizing agents containing a 
nonvolatile component may be used when the substrate is 
a glass substrate having no semiconductor devices ■ 

i 

| The oxidized-metal dissolving agent may preferably 
15 be water-soluble one. Such a water-soluble 
oxi<5ized-met al dissolving agent may includes 

! organic acids such as formic acid, acetic acid, 

propionic acid r butyric acid, valeric acid, 

i 
i 

2-methylbutyric acid, n-hexanoic acid, 

20 3 , 37dimethylbutyric acid, 2 -ethylbutyric acid, 

i 

4 -m^thylhexanoic acid, 4 -methylpen tanoic acid, 
n-h^ptanoic acid , n-methylhexanoic acid, n-octanoic acid, 

n- ei;hylhexanoic acid, benzoic acid, glyceric acid, 

j 

salicylic acid, glyceric acid, oxalic acid, malonic acid, 



13 



mm^7mpT^mm rax.U4D oib-^riu 2UU13 2fi28B(*> 1:05 P. 25 



| HC1467 

i 

succinic acid, glutaric acid, adipic acid, pimelic acid, 

I 
i 

maleic acid, phthalic acid, malic acid, tartaric acid and 



20 



i 

citric acid? 

i 



j ammonium salts such as ammonium salts of these 

j 

5 organic acids , ammonium persulf ate , ammonium nitrate and 
ammonium chloride ; 

inorganic acids such as sulfuric acid and chromic 
acid; ammonium complexes and the like. Any of these may 

be ysed alone or may be used in combination. 

i 

10 j Of these, formic acid, malonic acid, malic acid, 

tartaric acid and citric acid are preferred with respect 

j 

to a. multi-layer film containing a metal film formed of 

i 

copper, a copper alloy, a copper oxide and/or a copper 
alloy oxide. These acids are preferable in view of an 
15 advantage that they can be well balanced with the first 

projective-f ilm forming agent and second pro tective - film 

i 

forrtiing agent described later. In particular, with 
regard to malic acid, tartaric acid and citric acid, they 



are preferable in view of an advantage that the etching 

rate can effectively be controlled maintaining a 

I 

practical CMP rate. 

The first protective-film forming agent may include ; 
ammonia ; 

amines such as alkylamines such as dime thylamine , 
I 14 
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tr irkethylamine , trlethylamine and propy lenediamine , 

i 

eth^lenediaminetetraacetic acid (Hereinafter "EDTA") , 
sod|um diethyldithiocarbamate and chitosan; 

! amino acids such as glycine, L-alanine, |3-alanine, 

i 
i 

5 L-24aminobutyric acid, L-norvaline , L-valine, L-leucine, 

i 

L- nor leucine , L-isoleucine f L-alloisoleuaine, 

I 

L - phenylalanine , L -proline , sarcosiae , L- ornithine , 

I 

L-l^sine, taurine, L-serine, L-threcnlne, 

i 

L - a ^.lo three nine , L -homo serine , L- tyrosine , 
10 3,5 4 diiodo-L- tyrosine , 

(3- ( 2j , 4 - dihydroxyphenyl } -L - alanine , L- thyroxine , 
4 -hydroxy- L- proline , L- cystine, L -methionine , 

L-ethionine , L - lanthionine , L-cys t athionine , L-cysteic, 

I 

L-c^stinic acid, L-aspartic acid, L-glutamic acid, 
15 S- ( iarboxymethyl ) -L-cysteine, 4 -aminobutyric acid, 
L-asparagine , L- glutamine , azaeerine, L-arginine, 
L-canavanine , L-citr*uline , 8-hydroxy-L-lysine, creatine, 
L-k^nurenine , L-histidine, 1 -methyl- L-hist idine , 

3 -mdthyl-L-hlstidine , ergothioneine , L- tryptophan , 

i 

20 actintvmycin CI, apamine, angiotensin I, angiotensin II 

i 

and ; antipain % 

imines such as dlthizone, 
cuproine (2,2' -biqu incline) , 

neocj:uproine(2, 9- dimethyl- 1 , 10-phenanthroline ) , 

| 

i 
i 

i 15 
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vascbcuproine ( 2 , 9 -dimethyl -4 , 7-diphenyl-l , 10 -phenanthr 

j 

oliijie) and cuperazone (bicyclohexanone 
oxalylhydrozone ) ; 

| azoles such as benzimidazole- 2 - thiol , 
5 2 - [ i - ( benzothiazolyl) ] thipropionic acid, 

2- [ \- ( benzothiazolyl) ] thiobutyric acid, 

j 

2 -ni^rcaptobenzothlazole , 1,2,3-triazole, 
1 , 2 I 4- triazole , 3-amlno-l/T- 1 , 2 , 4- triazole , 

beniotriazole, 1 -hydroxybenzo triazole , 

I 

10 1 -d^hydroxypropylbenzo triazole , 

i 

2 , 3 | die arboxypropylbenzo triazole , 

4 - hydoxybenzo triazole , 4-carboxyl- l#~benzo triazole , 
4 - rao t hoxy car bony 1- l^-benzotriazole , 

4 - bill toxycarbonyl- l^-benso triazole , 
15 4 - oc tyloxycarbony 1-l/f- ben zo triazole , 

5 - hejixylbenz o triazole , 

i 

N - ( i , 2 P 3 -benzotriazolyl-1 -methyl ) -N- ( 1 r 2 , 4 - triazolyl- 
methyl ) 2 -ethylhexylamine , tolyl triazole , 

napljithotriazole and 

I 

2 0 bis { ( 1 - ben z o tr iaz o lyl ) methyl Iphosphonic acid; 

j 

j mercaptans such as nonylmercaptan , dodecylmercap tan , 

triazine thiol, tr iaz inedi thiol and triazi netri thiol ; 

i 

and j 

j saccarides such as glucose and cellulose. Any of 
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the^e may be used alone or may be used in appropriate 
combination , 

i 

i Of these, chitosan, ettiylenediaitiinetetraacetic acid, 

i 

L- tryptophan , cuperazone , triazinedi thiol , 
5 bon^otriazole, 4 -hydroxybonzo triazole , 

4 -c|.rboxyl- lif-benzotriazole butyl ester, t olyl tr iazgle 

and ! naphtho trlazole are preferred in order to achieve 

i 

botlji a high CMP rate and a low etching rate . In particular, 
beniotriazole and derivatives thereof are preferred, 

! 

10 Behzotriazole derivatives may include the azoles listed 

i 

abo^e . 

j The second protective-film forming agent may 

I 

include ; 

! 

I alcohols such as 1-propanol, 2-propanol, 

15 2 -propin- l-ol , allyl alcohol, ethylene cyanohydrin, 

i 

1 -biiitanol , 2 -butanol , (S) - ( + } - 2- butanol, 

I 

2 -methyl -1-propanol , t- butyl alcohol, 

perfluoro-t -butyl alcohol, crotyl alcohol, l-pentanol, 
2 , 2 f dimethyl -1-pr op anol, 2 -methyl- 2-butanol , 
20 3-mithyl-l-butanol, S-amyl alcohol, 1-hsxanol, 

4 -hydroxy- 4 -methyl -2 -pent anone , 4 -me thyl- 2 -pent anol , 

i 

cyc|ohexanol , DL-3-hexyl alcohol, 1-heptaool, 

2 -ethylhexyl alcohol , (S)-(+)-2-octanol, 1-octanol, 

DL-$-octyl alcohol, 2-hydroxybenzyl alcohol, 
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2 - n|trobenzyl alcohol , 3 , 5-dihydroxybenzyl alcohol , 

i 

3 , 5 jdinitrobenzyl alcohol, 3-f luorobenzyl alcohol, 

3 - hydroxybenzyl alcohol, 4-f luorobenzyl alcohol, 

4 - hydroxybenzyl alcohol, benzyl alcohol, 

5 m- ( trlf luoromethyl ) benzyl alcohol, m- aminobenxyl 

alcohol, m-nitrobenzyl alcohol, o-aminobenzyl alcohol, 

j 

o-h^droxybenzyl alcohol, p -hydroxybenzyl alcohol, 
p-nitrobenzyl alcohol, 2- (p-£ luorophenyl ) ethanol, 

2-artiinophenethyl alcohol, 2 -methoxybenzyl alcohol, 

j 

10 2 -methyl- 3 -nitrobenzyl alcohol, 2 -methylbenzy 1 alcohol, 

i 

2 - nitrophenethyl alcohol, 2-phenyl ethanol, 

i 

3,4jdlniethylbenzyl alcohol, 3 -methyl - 2 - nitrobenzyl 
alcihol , 3 -methyl- 4 -nitrobenzyl alcohol, 

3 - methylbenzyl alcohol , 4-f luorophenethyl alcohol , 

15 4 -hydroxy- 3 -methoxybenzyl alcohol , 4 -me thoxybenzyl 

! 

alcohol , 4 -methyl - 3 -nit robenzyl alcohol , 

5 - methyl- 2 -nitrobenzyl alcohol , 

DL -cjt-hydroxyethylbensene , o - ( tr if luoromethyl } benzyl 

alcohol , p - ( tr if luoromethyl ) benzyl alcohol , 

20 p- anhinophenethyl alcohol, p-hydroxyphenyl ethanol, 
j 

p-mdthylbenzyl alcohol and S-phenethyl alcohol; 

| 

| phenols such as 4 -methy Iphenol , 4-ethylphenol and 

! 

4 - *p±opy Iphenol ; 

i 
i 

esters such as glycerol ester, sorbitan ester, 
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methoxyacet ic acid, ethoxyacetic acid, 
3-ethoxypropionic acid and alanine ethyl ester; 

i 

j ethers such as polyethylene glycol , polypropylene 
glycol, polytetramethylene glycol, polyethylene glycol 
5 alk^l ethers, polyethylene glycol alkenyl ethers, alkyl 

! 

polyethylene glycols, alkyl polyethylene glycol alkyl 
ethers, alkyl polyethylene glycol alkenyl ethers, 
alkjnyl polyethylene glycols, alkenyl polyethylene 
glycol alkyl ethers , alkenyl polyethylene glycol alkenyl 
10 eth&rs, polypropylene glycol alkyl ethers, polypropylene 
glycol alkenyl ethers, alkyl polypropylene glycols, 

i 

alkja polypropylene glycol alkyl ethers, alkyl 

polypropylene glycol alkenyl ethers, alkenyl 

i 
i 

polypropylene glycols, alkenyl polypropylene glycol 

15 alkyl ethers, and alkenyl polypropylene glycol alkenyl 

I 

ethers ; 

j polysaccharides such as alginic acid, pectic acid, 

i 

carboxymethyl cellulose, curdlan and pullulan; 

i 
j 

! amino acid salts such as glycine ammonium salt and 
20 glycine sodium salt; 

! polycarboxylic acid and salts thereof, such as 

i 

poiyaspartic acid, polyglutamic acid, polylysine, 
poljmalic acid, polymethacrylic acid, ammonium 
poiymethacrylate , sodium polymethacrylate , polyamic 
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I 

acid, polymaleic acid, polyitaconic acid, polyfumaric 
acid, poly (p-styrenecarboxylic acid), polyacryiic acid , 
polvacrylamide , aminopolyacrylamide , ammonium 

poljacrylate, sodium polyacrylate , p o, I y.Mlg- a.gi,ci , 

i 

ammcinium polyarnide, sodium polyamide and polyglyoxylic 

i 

acid ; 

vinyl type polymers such as polyvinyl alcohol, 
polyvinyl pyrrolidone and polyacrolein ; 

i sulfonic acids and salts thereof, such' as ammonium 
10 methyl taurate, sodium methyl taurate, sodium methyl 
sulfate, ammonium ethyl sulfate, ammonium butyl sulfate, 
sodium vinyl sulfonate, sodium 1-allyl sulfonate, sodium 
2-allyl sulfonate, sodium methoxymethyl sulfonate, 
ammonium ethoxymethyl sulfonate, sodium 3-ethoxypropyl 
15 sulfonate, s od:LurcL. me tlxo^cyme tJhvJ — sulfonate — mmicuxAjato ^ 

ethoxymethYLsmlf onate . sodium 3 -et hx*X2a>XJXD3:X Sul£OJXcLtL& 

and Isodium sulf osuccinat e ; aromatic amines such as 

l 

aniline, N , N-dimethylaniline and benzylamine; amides 

t 

sucti as propionamide , acrylarnide, methyurea, 

i 

20 nicdn t inamide , succinamide, phenylacet amide , 

pyridine- 4 -carboxamide , N,N" -dibenzyl-L-tartaric acid 
amide and sulfanilamide; 

azo compounds such as 
1 , 1 T | - a z obis ( cyclohexane- 1 - carbon it rile } 
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1 , l ' |- a z obis ( 1-acetoxy- 1 -phenyls thane ) , 



2,2' 
2,2' 



2 , 2 1 
2- [2 



- a z obis ( 2 , 4-dimethylvaleronitrile ) , 

-as obis (4-methoxy-2 , 4 - dimethylvaleroni tr lie ) , 



dimethyl 2 , 2 ! -azobis (isobutyrate) , 



-azobis ( isobutylonitrile ) , 

,(3, 5-dibromopyridyl ) aao] - 5 -dimethyl amlnobenzoic 



acid, 4,4 f -azobis( 4 - cyano valeric acid) , 

4,4' - azoxyanisole , azoxyme thane , azobenzene, 

azoxybenzene , azodicarbonamdie , diisopropyl 
10 azojicarboxylate , di( t -butyl) azodicarboxylate , 

phenazine, Marachite Green, Methyl Orange, Congo Red and 

Crystal Violet; and 

molybdenum compounds such as disodium molybdenum 

(VI) ! dihydrate and hexaammonium heptamolybdenum (VI) 
15 tetdahydrate . Any of these may be used alone or may be 

used in appropriate combination. 

j Where the substrate used is, e.g., a silicon 

substrate for semiconductor integrated circuits, it is 

i 

i 

not jdesirabl© for it to be contaminated with alkali metals , 
20 alkiline earth metals, halides or the like, and hence 
acids or ammonium salts thereof are preferred. This, 
howWer, does not necessarily apply where the substrate 

is k glass substrate or the. like. 

i 

! Of these compounds , 2 -methyl - 3 -nit robsnzyl alcohol . 
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! 

polypropylene glycol, polyaspartic acid, polymalic acid, 

I 

polyjacrylic acid, polymethacrylic acid, ammonium 
polyficrylate, ammonium polymethacrylate , polyamic acid, 

i 

ammohlum polyamide, polyacrylamide . methyl taurate, 

i 

5 benz^lamine, nicont inamide , sulfanilamide, Congo Red, 

i 
i 

hexajammonium hep t amolybdenum (VI) tetrahydrate are 

prefjerred in order to achieve both a high CMP rate and 

I 

a lojw etching rate. In particular, polyacrylic acid, 
polymethacrylic acid , - polyamic acid, ammonium 
10 polyacrylate , ammonium polymethacrylate, ammonium 

polyamide and polyacrylamide are preferred. 

| 

| As the metal film to which the present invention is 

i 

appljied, it is a multi-layer film containing at least one 

i 

selected from copper/ a copper alloy, a copper oxide and 

15 a capper alloy oxide (hereinafter generically "copper 

i 

alloy 1 " ) . 

j The present invention also provides a polishing 
solution for metal which has a CMP rate of 100 nm/minute 

or hiigher and an etching rate of 10 nm/minute or lower. 

i 

20 Th<=* polishing solution having such properties Has been 

materialised for the first time by the present invention, 

j 

and jean be achieved by having the metal-oxidizing agent, 
the loxidized-metal dissolving agent and the water and 
furtther being mixed with the first protective-film 
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formjing agent in combination with the second 

! 

protjective-f ilm forming agent different from the first 

I 

protjective-f ilm forming agent. 

jusable combinations of the first protective-film 

i 

5 formjing agent with the second protective-film forming 
agenjt are shown below in the form of first protective-film 
fording agent/second protective-film forming agent. 
Thesje combinations are merely shown as examples, and the 
presjent invention is by no means limited to these. Other 

i 

10 combinations may also appropriately be used. 

! Combinations that can achieve the CMP rate of 100 

j 

nm/minute or higher and the etching rate of 10 nm/minute 

i 

or lower may include, e*g*, cuperazone/polymalic acid, 

I 

cuper a zone /poly as par tic acid , 

i 

15 cup ^r a zone /poly aery lamide , 

! 

t:c | ypt °P liari /P ol y acr y 1 ^ ni:Lcie * L - tryptophan / ammonium 
pol^acrylate , L- tryptophan /polymalic acid , 
beniotriazole/polyacryl amide , benzotriazole/ ammonium 
pol]faorylate , napht ho triazole/ polymalic acid , 

2 0 naphthotriazole/ 2 -methyl- 3- nit robenzyl alcohol, 

j 

triazinedithiol/polyaspartic acid , and 

triazinedithiol/polyacrylamide , 

i 

i Combinations that can achieve the CMP rate of 100 

j 

nm/minute or higher and the etching rate of 1 nm/minute 



l 
j 
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or llower may include, e.g., cuperazone/polyacrylarnide , 
L- tryptophan /poly aery lamide , L- tryptophan /ammonium 
polymery late , benzotriazole/polyacrylarnide , 
benzotriazole/ ammonium poly a cry late , 
5 naprithotriazole/polymalic acid, 

triazinedithiol/polyaspartic acid , and 

i 

tr iasirxedi thiol /poly aery 1 amide . 

j 

j Combinations that can achieve a CMP rate of 250 

i 

nro/fl|inute or higher and the etching rate of 10 nm/minute 

i 

10 or ljower may include, e.g, f cuperazone /polymalic acid. 

I 

| The amount in which each component is mixed is 

i 

described below. 

The oxidizing agent component may preferably be 

mix^d in an amount of from 0-003 mol to 0.7 mol, more 

t 
I 

15 preferably from 0,03 mol to 0.5 mol, and particularly 

preferably from 0.2 mol to 0.3 mol, based on 100 g of the 

i 

total amount of the oxidising agent, oxidized-met al 

j 

dissolving agent, first protective-film forming agent, 

second protective-film forming agent and water. If it 

i 

20 is niixed in an amount less than 0.003 mol, tiie metal may 
insxif f iciently be oxidized, resulting in a low CMP rate. 

If jit is in an amount more than 0.7 mol, the surface 
polished tends to have a roughness. 

i The oxidized-metal dissolving agent component in the 
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i 

present invention may preferably be mixed in an amount 

of f'rom 0 mol to 0.005 mol, more preferably from 0.00005 

i 

mol jto 0.0025 mol, and particularly preferably from 

0 . 0b0 5 mol to 0-0015 mol, based on 100 g of the total amount 

j 

5 of the oxidizing agent, oxidized-metal dissolving agent, 

first protective-film forming agent, second 

i 

protective-film forming agent and water. If it is mixed 

i 

in ^n amount more than 0-005 mol, the etching tends to 

i 

be Controllable with difficulty. 
10 j The first prot ect ive - f ilm forming agent may 

! 

preferably be mixed in an amount of from 0,0001 mol to 

0.0$ mol, more preferably from 0.0003 mol to 0.005 mol, 

j 

and jpartlcularly preferably from 0-0005 mol to 0.0035 mol, 

i 

bas4d on 100 g of the total amount of the oxidizing agent, 

15 oxiiized-metal dissolving agent, first protective-film 

! 

forming agent, second protective-film forming agent and 

water. If it is mixed in an amount less than 0,0001 mol, 

i 
i 

thejetching tends to be controllable with difficulty. If 

! 

it ijs in an amount more than 0,05 mol, a low CMP rate tends 
2 0 to iresult . 

\ The second protective-film forming agent may 

j 

preferably be mixed in an amount of from 0.001% by weight 
to 6.3% by weight, more preferably from 0.003% by weight 
to 6 . 1% by weight , and particularly preferably from 0.01% 
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i 

by weight to 0.08% by weight, based on 100 g of the total 

i 

amodnt of the oxidizing agent, oxidized-met al dissolving 

j 

agent, first protective-film forming agent, second 

j 

prot|ective-f 11m forming agent and water. If It is mixed 

i 

5 in dn amount less than 0.001% by weight, the effect of 
its juse in combination with the first protective-film 
fornjting agent tends not to be shown In the etching control. 
If lit is in an amount more than 0.3% by weight, a low 

CMpjrate tends to result. 

i 

10 ! The mechanism by which the intended effect is 

I 

obtained in the polishing solution and polishing method 
of tjhe present invention is unclear. It is presumed that 

the 'use of the first and second protective-film forming 

j 

ageijits in combination makes them control the etching, but 

! 

15 makes the CMP proceed without making their films function 

| 

as rftetal surface protective films against the friction 

1 

by the polishing pad. 

| 

j In general, the degree of polish scratches occurring 
in iMP depends on the particle diameter, particle size 
20 distribution and shape of solid abrasive grains, and any 
decrease in layer thickness (hereinafter called 

"ertsion") as a result of the scrape of insulating film 

l 

andjany deterioration of the smoothing effect also depend 
on tlhe particle diameter of solid abrasive grains and the 
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physical properties of polishing pads. When the surface 
of mptal film, in particular, copper film is treated with 
BTA, the dishing of the metal film is considered to depend 
on idhe hardness of polishing pads and the chemical 
5 properties of polishing solutions. More specifically, 
hard, solid abrasive grains are necessary for the progress 
of CMP, but are not desirable for improving the smoothing 

effect in CMP and the perfectness (freeness from damages 

i 

such as polish scratches or the like) of 'the surface 
10 polijshed by CMP- The smoothing effect is understood to 
actually depend more on the characteristics of polishing 
pads than on solid abrasive grains. 

Thus, the present invention is considered to be very 
desirable for the CMP of copper alloys and besides for 
15 the formation of buried patterns by using the same. 

j Incidentally, the first protective-film forming 
ageit has the action of forming a strong protective film 
on tjhe metal surface . For example , where the copper alloy 
filrji surface is exposed to a solution containing BTA , it 
20 is considered that. a film of polymeric complex compound 
having as the main skeleton a structure of Cu(I) BTA or 

Cu(ll) BTA is formed as a result of the reaction of copper 

! 

(Cuj or an oxide thereof with BTA * The film thus formed 
is fairly so tough that, when a polishing solution for 
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metal is used which contains 0.5% by weight of BTA, the 
f ili is usually little polished even where solid abrasive 

! 

grains are contained in the polishing solution. 

I On the other hand, where the polishing solution for 

! 

5 met 41 is prepared not using the first protective-film 

j 

forcing agent and using only the second protective- film 

forrjing agent alone, it is difficult especially to 

i 

control the etching rate, ensuring no sufficient 

i 

protective effect, 

i 

10 ! Thus, the first protective-film forming agent and 

second protective-film forming agent have their 
action different from each other, and different type of 

protective films are formed in accordance with the type 

I 

of protective-film forming agents- The present 

! 

15 invention is based on a new discovery that the use of the 
fir^t and second protective-film forming agents in 

combination enables achievement of both the controlling 

i 



the ! 



of Etching rate and the maintaining of CMP rate, and 

i 

moreover even makes it unnecessary to rely on the strong 
20 fritbtion by solid abrasive grains. 



I BEST MODES FOR PRACTICING THE INVENTION 

I 

j The present invention will be described below by 

i 

giving Examples* The present invention is by no means 
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limijted by these Examples - 

| Examples 1 to 12, Comparative Examples 1 to 5 
; - Preparation of Polishing Solutions - 

; To 0.15 part by weight of DL-malic acid (a guaranteed 

i 

5 reagent), 70 parts by weight of water was added to make 
a sojlution. To the solution formed, a solution prepared 

by adding 0-2 part by weight of the first protect lve -film 

i 

forcing agent in 0,8 part by weight of methanol was added, 

i 

and ' thereafter 0.05 part by weight of the second 
10 prot|ective-f ilm forming agent was further added, finally 
followed by addition of 33-2 parts by weight of hydrogen 

i 

peroxide water (a guaranteed reagent, an aqueous 30% 
solution) to obtain a polishing solution for metal, 
Herein, protective-film forming agents used in each 
15 Exanhple and Comparative Example are shown in Table 1. 

i Next, using the polishing solution thus obtained, 

i 

polishing objects were polished. Polishing conditions 
wer^ as follows : 

j - Polishing Conditions - 
20 ; Polishing object substrate: A silicon substrate with 

a c6pper film formed in a thickness of 1 pm. 

i 

! Polishing pad: IC1000 (available from Rodel Co, ) . 

j polishing pressure: 210 g/cm*. 

i 

■ Substrate/polishing platen relative speed: 36 
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m/mijn . 

| - Polished Article Evaluation Items - 

I 

I CMP rate: A difference in layer thickness of the 

copper film before and after CMP was determined by 

I 

calculation from the value of electrical resistance and 



the 



difference found was divided by treatment time to 



determined the rate. Treatment time was set to be 1 

miniite , 

! 

j Etching rate: The same substrate as the above 

i 

10 polishing objeat substrate was separately prepared, and 

was ! immersed in the polishing solution with stirring 

j 

{stirring speed; 100 rpm) at room temperature (25°C), 

i 

where a difference in layer thickness of the copper film 
before and after immersing was calculated from the value 
15 of electrical resistance and the difference found was 
divided by treatment time to determined the rate. 
Treatment time was set to be 10 minute. 

In order to evaluate actual CMP performance, grooves 

i 

of 0.5 \m deep were formed in an Insulating layer and a 

j 

20 copper film was formed by known sputtering, followed by 
knoWn heat treatment to obtain a film-buried silicon 

substrate, which was also used as a substrate to carry 

i 

outjCMP. Whether or not any erosion and polish scratches 

l 

had! occurred was examined by visual observation, 
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optical-micro&aopic observation and electron 

[ 

microscopic observation of the substrate having been 

i 

polishing by CMP. As the result, neither erosion nor 
polish scratch was seen to have occurred. The results 
5 of evaluation on the CMP rate and etching rate in Examples 



1 toiJLL and Comparative Examples 1 to 5 are shown in Table 
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| Example 13 

i 

I To 0 . IB part by weight of DL -malic acid (a guaranteed 
reagient), 70 parts by weight, of water was added to make 

a solution. To the solution formed, a solution prepared 

i 

5 by aldding 0.1 part by weight of BTA in 0 * 8 part by weight 
of methanol was added, and thereafter 0 . 025 part by weight 
of ajmmonium polyacrylate was further added in the form 
of ail aqueous 40% solution, finally followed by addition 
of 33.2 parts by weight of hydrogen peroxide water (a 
10 guaranteed reagent, an aqueous 30% solution) to obtain 
a pojlishing solution for metal. In the present Example, 

the iDL-malic acid, an organic acid having a high 

j 

solubility in water, was used as the oxidized-rnet al 
dissolving agent, and the water-soluble, ammonium 

15 polyacrylate was used as the second protective-film 

i 

forcing agent. 

' Using this polishing solution, CMP was tested under 
thejsame conditions as in Example 1. As the result, the 
CMPjrate was 287 nm/minute and the etching rate was 3.6 
20 nm/rhinute, both showing good results. However, as to the 
substrate having the groove pattern formed therein, when 
it ^as polished by CMP in excess by 50% beyond the CMP 
time necessary for removing the film by CMP in a stated 
thibkness , the electron microscopic observation revealed 



I 

j 

i 

i 
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that the dishing occurred in a depth of about 200 nm at 

! 

grocjves of 10 U m wide ( the part serving as buried wiring) . 

In brder to control the dishing to a depth of 100 nm or 
lessj, it was necessary to keep the excess CMP time within 
5 20% J Erosion and polish scratch were seen not to have 
occ4 rre< 3- • 

i 

i 

| Example 14 

| To 0. 15. part by weight of DL-malic acid ( a guaranteed 
reagent), 70 parts by weight of water was added to make 
10 a sojlution. To the solution formed, a solution prepared 
by ajdding 0,2 part by weight of BTA in 0,8 part by weight 

of mjethanol was added, and thereafter 0 . 125 part by weight 

j 

of Ammonium polyacrylate was further added in the form 

j 

of a|n aqueous 40% solution, finally followed by addition 
15 of 33.2 parts by weight of hydrogen peroxide water (a 

guaranteed reagent, an aqueous 30% solution) to obtain 

i 

a pcjlishing solution for metal. In the present Example, 
the j DL-malic acid, an organic acid having a high 
solubility in water, was used as the oxidized-met al 
20 dissolving agent, and the water-soluble, ammonium 

polyacrylate was used as the second protective-film 

forking agent. 

| Using this polishing solution, CMP was tested under 

thej same conditions as in Example 1. As the result, the 

i 
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CMF irate was as high as 185 nm/minute and the etching rate 

was as low as 0*2 nm/minute. Also, as to the substrate 

i 

havijng the groove pattern formed therein, too, it was 
polijshed by CMP under the same conditions as the above 
5 CMP |and the observation was made in the same manner as 

the ! above , where the dishing was in a depth of 50 nm or 

i 

less; even when the CMP was carried out in excess for the 

time! corresponding to 50% , and neither erosion nor polish 

i 
i 

scratch was seen to have occurred. 
10 ! Example 15 

! A polishing solution for metal was prepared in the 

same! manner as in Example 14 except that the DL-malic acid 

i 

was replaced with DL-tartaric acid. The CMP was tested 

! 

in tihe same manner as in Example 1- As the result, the 

i 

15 polijshing rate was as high as 194 nm/minute and the 

etching rate was 0 . 6 nm/minute , Also , the same substrate 

i 

having the groove pattern formed therein as that of 
Example 13 was polished and thereafter the substrate 
surface was observed, where the dishing in the case when 
20 the jCMP was carried out in excess for the time 

corresponding to 50% was in a depth of about 70 nm f and 

i 

neither erosion nor polish scratch was seen to have 
occurred. 

j Example 16 

t 

35 
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1 

jA polishing solution for metal was prepared in the 
samelmanner as in Example 13 except that the DL-malic aoid 

was replaced with citric acid. The CMP was tested in the 

1 

samelmanner as in Example 1* As the result, the CMP rate 
5 was ja.s high as 213 nm/minute but the etching rate was at 
a little inferior level of 4.6 nm/minute. Also, the same 

substrate having the groove pattern formed therein as 

I 

thatj of Example 13 was polished by CMP in excess for the 

timej corresponding to 30% and thereafter the substrate 

1 

i 

10 surfjace was observed, where the dishing was in a depth 

of ajbout 150 nm or less, and neither erosion nor polish 

1 

scratch was seen to have occurred, 
j Comparative Example 6 

!A polishing solution for metal was prepared in the 
15 same| manner as in Example 13 except that the ammonium 
polyjacrylate was not added. The CMP was tested in the 
same manner as in Example 1. As the result, the CMP rate 
was jat only a little inferior level of 140 nm/minute, but 

the Etching rate was as inferior as 10.3 nm/ minute , Also , 

j 

20 the isame substrate having the groove pattern formed 

therein as that of Example 13 was polished by CMP in excess 

forlthe time corresponding to 30% and thereafter the 

j 

substrate surface was observed, where the dishing was in 

i 

a lajrge depth of about 300 nm. Erosion and polish scratch 
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were! not observable. 

! Comparative Example 7 

j A polishing solution for metal was prepared in the 

i 

samd manner as in Example 13 except that the ammonium 
5 pol^jacrylate was not added and the bensso t r iazole , added 

In ajn amount of 0 - 1 part by weight, was added in a larger 

I 

amoiint of 0.2 part by weight. Using this polishing 

solution, the CMP was tested in the same manner as in 

i 

Example 1 . 

10 ! As the result, the etching rate was as good as 2.4 

j 

nm/^inute, but the CMP rate was as inferior as 93 
iim/njinute. Also, the same substrate having the groove 
pattern formed therein as that of Example 13 was polished 
by CMP in excess for the time corresponding to 30% and 
15 thereafter the substrate surface was observed. As the 
result, the dishing was in a depth of about 150 nm, a value 
notjwell satisflable. This was presumably because, 

although the etching rate was low, the CMP rate was also 

i 

so low that it took a long time for the CMP. Erosion and 
20 polish scratch were seen not to have occurred. 

! As can be seen from these Examples and Comparative 
Examples, the effect of controlling the etching rate to 
10 hm/minute or less by adding only the first 
proitective-f ilm forming agent in a stated concentration 

i 37 
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can jbe achieved by using the second protective-film 
forming agent in combination, even when the first 
protective -film forming agent is used in a lower 

concentration, also showing the effect of maintaining a 

i 

5 higher CMP rate. This makes it possible to keep the 

dishing, erosion and polish scratches from occurring and 

i 

alscj to form highly reliable buried patterns at a high 
CMP jrate « 

10 | POSSIBILITY OF INDUSTRIAL APPLICATION 

j As described above, according to the present 
invention, the etching rate can be made sufficiently low, 

andjhighly reliable buried patterns can be formed 

i 

maintaining a high CMP rate.. 



i 



i 



i 



i 
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CLAIMS 

1. A polishing solution for metal, comprising an 
.zing agent, an oxidized-tnetal dissolving agent, a 
; protective-film forming agent, a second 
active-film forming agent different from the first 
active-film forming agent, and water. 

2, The polishing solution for metal according to 
n 1 , wherein said first protective-film forming agent 

least one selected from a group of ammonia, amines, 
-> acids, lmines, azoles, mercaptans and saccharides. 



3. The polishing solution for metal according to 
a 2 , wherein said first protective-film forming agent 
: least one selected from among benzotriazole and 
/ative thereof. 



a 



4 . The polishing solution for metal according to 
n 1 , wherein said first protective-film forming agent 
compound capable of forming a protective film by 
ing physical adsorption and/or chemical linkage on 
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5 the ^netal film surface- 

i 

i 

| 

1 5. The polishing solution for metal according to 

2 claim 1, wherein said second protective-film forming 

i 

3 agenjt is compounds having an alcoholic or phenolic 

4 hydrjoxyl group, esters, ethers, polysaccharides, amino 

5 acid! salts, polycarboxylic acids, polycarboxylatss, 

i 

6 vinyll polymers, amides, azo compounds and molybdenum 

7 compound's . 

| 

1 | 6 . The polishing solution for metal according to 

2 claim 5, wherein said second protective-f ilm forming 

i 
i 

3 agerit is at least one selected from a group of polyacrylic 

4 acids, polymethacrylic acids, polyamic acids, ammonium 

5 pol^acrylates , ammonium polymethacry lates , ammonium 

i 

6 pol^amides and polyacrylamides . 

i 

i 
| 

1 ! 7. The polishing solution for metal according to 

I 

2 claim 1, wherein said second protective-film forming 

3 agent is a compound which assists the first 

i 

4 protective-film forming agent in forming a protective 

| 

5 film. 

1 
i 

i 
i 

I | 8. The polishing solution for metal according to 
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i 

2 claim 1, wherein said oxidizing agent is at least one 

3 selected from a group of hydrogen peroxide, nitric acid, 

I 

4 potassium periodate, hypochlorous acid and ozone water. 

i 
i 

1 | 9. The polishing solution for metal according to 

2 claijm 1, wherein said oxidized-metal dissolving agent is 

i 

3 at Least one selected from a group of an organic acid, 

4 an ammonium salt of an organic acid, and sulfuric acid. 

i 
I 

1 ! 10. The polishing solution for metal according to 

i 

2 clasjm 9, wherein said oxidized-metal dissolving agent is 

i 

3 at least one selected from a group of malic acid, tartaric 

i 

4 acidi, citric acid, ammonium maliate, ammonium tartarate 

5 and 'ammonium citrate. 

! 

1 11. A polishing solution for metal, having a 

2 chemical mechanical polishing rate of 100 nm/minute or 

i 

3 higher and an etching rate of 10 nm/minute or lower. 

i 

! 
1 

1 ! 12. The polishing solution for metal according to 

2 claim 11, wherein said etching rate is 1 nm/minute or 



3 low^r. 

I 
! 

I 

1 I 13. The polishing solution for metal according to 
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2 clailm 11 , wherein said chemical mechanical polishing rate 

3 is ^50 nm/mlnute or higher. 

1 
i 
j 

1 i 14. The polishing solution for metal according to 

i 

2 any jone of claims 11 to 13, which comprises an oxidizing 

3 agen,t, an oxidized-me tal dissolving agent, a first 

4 protective-film forming agent, a second protective-film 

5 forming agent different from the first protective-film 

i 

6 forcing agent, and water. 

I 

1 | 15. A polishing solution for metal, comprising; 

! 

2 I a first protect ive- film forming agent which is a 

I 

3 compound capable of forming a protective film by forming 

4 physical adsorption and/or chemical linkage on the metal 

i 

5 film surface; and 

6 ! a second protective-film forming agent which is a 

j 

7 compound which assists the first pro tec t ive - film forming 

8 agent in forming a protective film. 

i 

I 

1 >16. The polishing solution for metal according to 

2 clajLm 1, 11 or 15, which is used to polish a metal 

3 containing at least any one of copper, a copper alloy, 

4 a copper oxide and a copper alloy oxide, 

i 
i 
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1 |17- The polishing solution for metal according to 

2 claim l, 11 or 15, which substantially does not contain 

1 

3 any [abrasive grains. 

i 
1 
I 

1 lis. The polishing solution for metal according to 

1 

2 clallrn 1, wherein said second protect ive - film forming 

1 

i 

3 agenjt is .a compound which enables the first 

i 
1 

4 protjective-f ilm forming agent to be added in a smaller 

5 quanjtity; th& first protective-film forming agent being 

6 neceissary for controlling etching rate to 10 nm/minute 

i 

7 or ljower- 

i 

1 j 19,. A polishing method comprising polishing a metal 

2 filmj formed on the surface of a polishing object, in the 

3 poli|shing solution for metal according to claim 1, 11 or 

4 15 t|o remove the metal film. 

1 i20. The polishing method according to claim 19, 

2 wherein said metal film contains at least any one of 

3 copper, a copper alloy, a copper oxide and a copper alloy 

4 oxic^e - 

1 !21. The polishing method according to claim 19, 

j 

2 whexjein; 
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3 ! said polishing object has a multi-layer film having 

4 a meital layer containing at least any one of copper, a 

5 coppjer alloy, a cooper oxide and a copper alloy oxide; 

i 

6 i said polishing method being a method of removing at 

7 leasjt part of the metal film from the multi-layer film. 



1 |22* The polishing method according to claim 19, 

2 wher!ein said polishing solution for metal substantially 

3 does not contain any abrasive grains. 
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Zfeorafcl 303-4247 Jap Oft 












FUll name of fifth jafew invcnioi, tf any 
HArofel TERAZAKI 


2S53iss^60®« aft 




KfthfnvBntfir*B^gnRCiirft ^ Date 






Re&Ufanca — £3v 
Isukuba, Jevp^i j /\ 


HE 




Citkctiship 
Japanese 






a/6 K&B&&EKfti £ pevgj.opnifixif Cettter, Hitachi 
Chemical Conipany, 1,^, , 46, Wadfti, Bffu3ai}a&-*2i±, 








SffrtfcfiWMHP* ($iS1rfc®#) 




Full name of sixth jpiqt Inventor, if any 
XpsfalO HONMA 












Repaus — rpy r 

Kofcabuaii* Japan O 1 j\ 






Japanese 






PoBtof^cc address 

o/o GentMl Rapearch fcafooratory , HltaciU, Ltd. , 
TOJcyo lflfi-003,4 Japan 



/" 



o 
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Post office fl^ffi^ 

a/ocimtralEeaocircnLatiMQtorT, Hitachi, Ltd. 
230 Hitachi Kaigatobo, Kokubunsi-etii, 



Docket yg. 566,39787X00/ 



Bill ftt&t qf povanfli joint inventor* tfsny 



TOE- HOgT 



Kofcubunll, Japan 



Japanese 



Fwll nam* of dghtti Jofmsnventor, if any 



Eighth inventor^ tigaatyra 



Post ofljc* Address 



Full ^mc of Ninth joint inventor, if any 



Pos* office addi&ss 



Date 



Ffcll nfttno of fenth joint Invenior, if any 



renth favagort signature 



BlSF 



Poafc office ttdUr6cB 



Date 
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